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Abstract 
Erbium doped ZrO2 (ZrO2:Er3+) nanocrystals are fabricated by a butadinol low thermal crystallization method.The 
emitting mechanism of Er3+ is researched. Er3+ level of the stark split were calculated with the crystals field theory, 
and the two levels of the spectral lines have been further recognition. It can be indicated that 980nm stimulates Er3+ 
upconverting. One process is continuous absorption of two 980nm photons. Another is electronic transfer to 
metastability level after absorbing 980 nm photons, then reuptake 980 nm photons. 
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1.Introduction  
Researchers are paying more attention to Upconverting character of rare-earth ion Er because of its 
application potentials in fiber amplifier (1), short-wave laser (2) and biological labeling (3-7). The Er3+ ion 
shows emission at 550 and 660 nm (8-12) when excited by a near-infrared laser. Usually, to emit 
luminescence upon excitation Er must be doped into a lattice. Furthermore, multicolor emission can be 
achieved by Er3+ dopant concentration control under single near-infrared excitation render the possibility of 
multicolor optical coding for complicated system (13). In fact, upconverting nanocrystals materials are 
better labeling probe than semiconductor nanocrytals since they have no substrate disturb under infrared 
excitation. Both Y2O3 and ZrO2 are considered to be the suitable doping hosts for the rare-earth ions (14-
15). Compared to Y2O3, ZrO2 nanocrystal is more chemically stable and it doesn’t go decompose even at a 
pH value of 3. Prasad et al. reported that the synthesis of Er3+ doped ZrO2 nanocrystals by using a sol-
emulsion-gel method (16-17), in which the precursor of zirconia propoxide was soled to propanol and then 
dispersed into a mixed system of cyclohexane. Calcining temperature was as high as 1000 , and it was ć
necessary to induce the gel particles separated by centrifugation. The dramatic growth of the particle size 
will obtained for such high calcining temperature. In practical application, it is imperative to find an 
approach to produce smaller Er3+ doped ZrO2 nanocrystals with demanded upconversion emission. In this 
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paper, in order to prevent hydrolyzation we use butadinol as the solvent and increase the temperature of the 
solvent to 200 . It is found that upconverting emission of the ZrOć 2:Er3+ nanocrystals can be obtained at a 
calcining temperature as low as 500 .ć  
2.Experimental Procedure 
2.1.Materials and Instruments 
ZrOCl2·8H2O (AR, Shanghai Chemical Reagent Corp.) and Er2O3 (GR) were used as the starting 
materials. Morphology observations were conducted with transmission electron microscopy (TEM, H8100). 
XRD was observed by Rigaku D/max-rAX-diffractometer (Cu target, Ȝ=1.54Å). Luminescence spectra 
were measured by JY-UV-Raman argon ion laser (488nm) and semiconductor laser (980nm). 
2.2.Preparation of ZrO2:Er3+ Nanocrystals 
Er2O3 was dissolved by nitric acid, and then precipitated by ammonia. Erbium acetate was obtained by 
dissolving the precipitate in acetic acid. To synthesize ZrO2:Er3+ nanoparticles, first, 7.5 g ZrOCl2·8H2O 
was added to the 80ml 1,3-butadinol and stirred for 30 min at 200 , then a stoichiometric amount of solid ć
erbium acetate was added into the solution and the system was further stirred for 3 h at 200 . The ć
resulting sol was gelled by the controlled addition of 4 g NaOH. Then the gel particles were separated by 
centrifugation followed by washing with acetone. The product was dried at 60  in air for 12 h and then ć
calcined at 500  for 2 h.ć  
3.Results and Discussion 
3.1.XRD Characterization of ZrO2: Er3+ Nanocrystals 
XRD spectra of ZrO2: Er3+ nanocrystalline (figure 1) indicates that this kind of crystal belongs to cubic 
system. Diffraction peaks of 30.078°, 34.868°, 50.201°, 59.793 °and 62.716 ° are correspond to crystals 
plane of (111), (200) , (220), (311), and (222) (PDF# 491642 ).  The size of the Crystal was calculated by 
Scherrer equation:  
D=K Ȝ / ȕ cosș 
K=0.9, D is the crystal size. Ȝ is the emission wavelength of copper target, and is equal to 0.154 nm. ȕ 
represents half of peak width. From figure 1, it is known that diffraction value of 30.078 °corresponded to 
the peak of 2ș is 0.335 °, and we can calculate that the crystal size is 27.451 nm. 
Figure 1 shows the powder X-ray diffraction patterns of the ZrO2:Er3+ nanocrystals. Without the dopant, 
the ZrO2 presents the monoclinic phase (see Figure 1a). At high dopant concentration, i.e., 20 mol%, the 
nanocrystals show cubic phase (see Figure 1e). In the range of dopant concentrations from 0.1 to 12 mol%, 
the nanocrystals are mixtures of both monoclinic and cubic phases (see Figure1a-d) and the cubic becomes 
dominant with  
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Figure 1. Powder XRD patterns of ZrO2 : Er3+ nanocrystals with different dopant concentrations of Er. 
increased dopant concentrations. It is seen that the ZrO2 nanocrystals can be obtained at calcining 
temperature of 500 , much lower than those reported in the lć iteratures (up to 1100  for the monoclinic ć
phase and above 2370  for the cubic phase (1ć 8). When a base was added, Zr4+ ions tend to exit in the 
form of undefined ZrO2xH2O, whose growth is difficult to control. The employment of butadinol allows 
the reaction to go at temperature as high as 200 . At this time, most of the water is likely to be driven out ć
the system and the growth of the particles is controlled. The diameter of Er3+ ion is larger than that of Zr4+; 
the introduction of such rare-earth ion will induce the change of ZrO2 lattice from monoclinic to cubic (19). 
Therefore, the cubic phase becomes dominant with increased dopant concentrations. The crystallite sizes of 
the ZrO2:Er3+ nanocrystals are calculated to be about 27 nm by the Scherrer’s equation, which is less than 
TEM results. This is caused by nanocrystalline reunion.  
3.2.TEM Characterization of ZrO2: Er3+ Nanocrystals 
Figure 2 shows the TEM micrograph of ZrO2: Er3+ nanocrystals. The average size of is 50 nm. Compared 
with 200 nm particles, the small size of nanocrystalline is less light in luminous intensity. This is because 
the surface of small particle is flaw, and adsorbs H2O and CO2 in the air, which makes the fluorescence 
intensity decreased. Therefore, in order to make a fluorescent intensity increases, particle surface defects 
must be reduced to meet the needs of immune detection. 
 
Figure 2. TEM micrograph of the ZrO2:Er3+ nanocrystals 
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Figure 3. Upconverting spectra of the ZrO2:Er3+ nanocrystals with different dopant concentrations of Er under 980 nm excitation (a) 
0.1 mol%, (b) 1 mol%, (c) 4 mol%, (d) 12 mol%, (e) 20 mol% 
Figure 3 shows the upconverting spectra of the ZrO2:Er3+ nanocrystals with different dopant 
concentrations under 980nm excitation. The wavelength of Green light is about 550nm, and the 
wavelength of red light is 660nm. With the increase of doping concentration, wavelength of green light 
gradually decreases and the red gradually heighten. So there is a conclusion that single phase is good to 
green light launch and inclined is good to red light. The ground-state energy of Er3+ is 4I15/2. Stimulate with 
photoluminescence of 980nm wavelength, electronic transits to 4I11/2 (10204 cm - 1) level. Two processes 
occur in 4I11/2 (10204 cm- 1) level. At first, electronic metastasize to 4I13/2 (more than 6,600 cm - 1) level with 
no radiation warp, and this level living longer [19], can accumulate more electronic. Then these electronic 
reuptake 980 nm photons of stimulate illuminant reached 4F9/2 (15270 cm -1) level. In this case, electronic 
back to the ground-state energy 4I15/2 level from 4F9/2 (15270 cm-1) send red light of 660nm wavelengths. 
The second process is that part of the electronic arrived the level of 4I11/2 (10204 cm-1) without radiation 
warp do not transit to 4I13/2 (more than 6,600 cm-1) level which absorbed energy of 980nm directly arrive 
4F7/2 (20500 cm-1) level, then arrive 2H11/2 (19050 cm -1) and 4S3/2 (17850 cm -1) level with no radiation 
warp. At last, they radiate to the ground-state, and issue the photons around 550 nm. The first process is 
energy transfer on conversion process (ETU), mainly occurs in high Er3+ concentrations (figure 3e). The 
second process is excited absorption (ESA) process, mainly occurs in lower Er3+ concentration (figure 3a). 
Two situations are discussed as shown in figure 3. The higher doping concentration, the lower red and 
green light intensity, which explains Er3 + ions after stimulated arrived 4I11/2 (10204 cm -1) level will quickly 
transit to 4I13/2 (6,600 cm - 1) level with no radiation, then reuptake stimulate photons, and reach the level. 
Otherwise they can absorb directly stimulate photon in 4I11/2 (10204 cm - 1) level and reach 4F7/2 (20500 cm -
1) level. In this way, strong green light will be seen. Obviously, the electronic of 4I11/2 (10204 cm-1) level 
not having enough time to absorb light photon transfer to the 4I13/2 (6,600 cm -1) level, make red becoming 
the main emitting light. 
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Figure 4. Schematic representation of upconverting process at low and high dopant concentrations concentrations. 
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From the energy-level chart we can see that when electronic downward transiting from 4F9/2 (1,527 cm -
1) arrive the ground-state energy, a spectral lines should be obtained. However seven peaks are observed in 
645.5, 650.5, 653, 654.9, 660, 670 and 680nm respectively in experiments, and the corresponding wave 
number respectively is 15492, 15373, 15314, 15270, 15151, 14928 and 14706 cm - 1 (figure 5). This 
indicates that Er3 + level in the crystals field happened in the division. The level of the Stark split number 
can rely on the group of Aaron to calculate. Cubic crystal department of ZrO2 belong to O group. Because 
the number of angle quantum number of Er3+ is a half J. So the characteristics of double values of Ѫ 
marking table is used to handle its energy-level splitting. The ground-state energy 4I15/2 was calculated by 
the feature formula: 
Xa=
sin(J+0.5)a
sin(0.5a)  
Xa is one feature of this state standard, a is therotated operation angle, J is the level of the ground-state 
energy for angular momentum. Characteristic of standard ground-state energy was calculated: 
E=16, C2=0, C3=-1, C4=0 
E = 2J + 1 is the comparison of characteristics of Ѫ. Irreducible representation of the linear 
combination was obtained: 
Ƚ(J=15/2) =Ƚ6+Ƚ7+Ƚ8 
It is that the Er3 +ground-state of 4I15/2 level is split into three level in such crystals field. Similarly, 4F9/2 
irreducible linear combination was obtained: 
Ƚ(J=9/2) =Ƚ6+2Ƚ8 
According to above calculation, Er3 + in cubic crystal of 4F9/2 and 4I11/2 levels are split into two and three 
level. In this way, 6 different wavelengths of spectral lines this between the two levels can be gained. The 
results observed between experiments and obtained from the theoretical calculation are roughly equal. 7 
spectral lines gained from the experiments, the spectrum line of 653 nm cannot be identified. This is 
because Er3+ ions are doped in Zr4 +, making the lattice tiny, which reduced lattice symmetry. And let parts 
of stark levels split, appeared more complex spectral lines. The theoretical calculation and the experimental 
results are shown in figure 5. 
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Figure 5. The energy levels of Er3+ with Stark splitting of 4F9/2 and 4I15/2 levels in cubic ZrO2: Er3+ nanocrystals. 
4.Conclusions 
In summary, Erbium doped ZrO2 nanocrystals are prepared by a butadinol low thermal crystallization 
method.  
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Strong red launch will be seen with 980 nm infrared irradiating samples. Er3+ level of the stark split were 
calculated with the crystals field theory, and the two levels of the spectral lines have been further 
recognition. It can be indicated that 980nm stimulates Er3 + upconverting. One process is continuous 
absorption of two 980nm photons. Another is electronic transfer to metastability level after absorbing 980 
nm photons, then reuptake 980 nm photons. Nanocrystalline luminescence of (140 ± 20) nm is very strong, 
and can completely be used for the research of immunodetection. 
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